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EXECUTIVE SUMMARY

This document updates D6i4f % periodic report on data and performarceswi t h a descr i

additional data sources we analyzed in ordeotesicler them in the development of our activities and
our scenario.

We also start to teshe UrbanLarKC workflows we prepared in previous monthsorder to obtain
some indications abouhe performance of the applicatiswe are developingver the phtform
Considering the comments received by the reviewerconsider dewer number of measurements
than the ones described in D@.XiTemplates of periodic report on data and performancEse
document contains a description of the methodologiesthat W ol | owed and t hat
the next deliverables and the results that we obtam#tbse first initial tests
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1. Introduction

This deliverable represents the secorafiquic report on data and performance of the Urban

Computing use case in Lar KC. I't is based on t he
report on data and performanceso andstpetiodid ol | ow
report o data and performanaes With that respect, this report

sources and it selects a set of possible measurements from those envisioned in D6.4 that we used to
perform tests on the existing Urban Computing demonstrators gexdeio WP6. In this deliverable

we do not enter in details of those demonstrators, since they are included in the companion deliverable
D 6 . Wbari Computing environment &1

The objective of this deliverable, as its title suggests, is twofold.

On the onéhand, this report is aimed at providing an update on the list of data sources related to the
Urban Computing use case; since the whole project aims at providing solutions to handle large scale
of data, among other sources in this report we describe darggyarchive of Milano traffic sensor
recordings over several years. Those data sources will be useful to test LarKC ability to tackle the
scalability issue.

On the other hand, this deliverable reports on the first tests we performed on the early Urban
Computing demonstrators built on the available LarKC platform release and developed within WP6.
Those tests are useful to understand possible bottlenecks, to suggest possible improvements, to derive
scientific or technological challenges to propose torotlaeKC technical workpackages. They will

also serve as comparison for future improvements of both the Urban Computing appleaddhe

platform; since we expect both to improve, the results reported in this document will be compared to
the homogeneauresults of future software releases to identify advancements.

The deliverable is structured as follows. Chapter 2 address in more details the comments expressed by
reviewers in the first project period report after the first LarKC review in June 20Qptezh3
describes the new data sources as per the template used also in the previous deliverable D6.4. Chapter
4 presents our tests in terms of the adopted methodology, the tested demonstrators, the results of this
testing and the interpretation we canegte those results. On the basis of such experience, Chapter 5
reports some lesson learned and possible challenges to be solved by LarKC in the context of Urban
Computing. Finally, some conclusions are offered in Chapter 6.
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2. Addressing reviewers comments

In the report of the first review of the LarKC project, the reviewers included some comments and
recommendations as feedbacks to the previous WP6 deliverables. In this section, we would like to
provide a broader explanation about how we mean to addréssetharks.

2.1. Performance evaluation issue

In commenting the acceptance of deliverable D6f/@emplates of periodic report on data and
performance3, t he revi ewers wrote the following remar

fiThe deliverable considers the factors that will be relevantifiaracterizing data sources

and for evaluating the performance of (the urban computing) application(s). Careful
evaluation will be critical for measuring the success or otherwise of the project. This
report makes a useful start in establishing a suitdt@enework, but it will no doubt need

to be refined as the project progresses. One problem is that very many measures are
considered. It will be useful to fix on a smaller number of critical measurements that can
be used to compare the performance of Lar@h that of other systems and
technologies

WP6 partners raised the saisgueduring thewriting of the deliverableHowever, we concluded that
identifying new measures woulthvecost more than identifyinthemin advance and seléog them
later whenmeasuringMoreover those numerousmeasures can be explained partly because LarKC
uses many technologies such as information retrieval, reasoning, natural language processing, and
machine learning. We categorized performance measunder different catemies like Scale,
Heterogeneity, Reusability, and Statistical Measurem@ntthe beginning, w will focus on
measuringScalefactorsand thenwe will continue withHeterogeneitymeasurements, sinc&cale is
themainpur pose of -schlaredsddingifvinle doping with heterogeneity is an important
requirement for LarKCFor the time beingReusabilityand Statistical Measuremenwill have low
priority; Reusabilitywill measureghe number and kind diinctionalities provided by plums and
StatisticalMeasuremenwill measure the performance of maehlearning modules in LarKC

In this deliverabletherefore, we apply only a subset of all possible measurements defined in D6.2. In
particular,we define three kirglof test to evaluatéhe current achiements ofLarKC in the Urban
Computing:

1) Measurement of the "overhead" introduced by the LarKC platfdima Urban Computing
demonstrators developed within WP6 in the first project period have a respective "term of
comparison” (cf. D6.3Section2), whichprovides the same functionality, but it is based on "standard"
technologies; those terms of comparison were realized in a first project stage, when the LarKC
platform was not ready yet, and completed inléis¢ few monthsThe purpose of this evaluatioto
understandiow much the flexibility and extensibility of the platform impacts its efficiency in terms of
performance and response time when satisfying the need of our Urban Computing scenarios

2) Stress teststhis is aimed at measuring the responsee timith multiple concurrent users and
similar factors. The purpose of this evaluation is to test the stability and "resistatirdsaol.arkKC
workflowsto computation loads.

3) Quality evaluation of the data resultshis is a scenarispecific evaluation wich aims at
measuring theuality of Urban LarKC query result$he purpose of this evaluation is to evaluate the
strategies to get to the results and provide further requirements for technical WPs to develop better
plug-ins.

In the next evaluation deliveldes we will perform those tests againin order to show any
improvements in LarKC performancdf, necessary we will extend the set of measurements
accordingly to the new requirements and achievements that can come out as the project proceeds.

2.2. Large dataissue

In commenting the accep tperiadceepod dbn ddtednd pedormaritgse D6 .
the reviewers wrote the following remark:

At this stage of the project only information on data sources is provided. Very large scale
data sources 8t seem to be lacking.
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In the time between the first project review and the delivery of this documemtcquiredh new data
source, consisting ohistorial traffic sensordata from MilanoMunicipality (see also Section
3.1) whosescale is irthe orderof 10° tuples, that would mean arouf'® statements if expressed in
RDF. The next stefs to use this data for predicting traffic conditions using machine learning
techniques(cf.6.5, Section 4) For those purposesit is nd strictly necessary to convert the
aforementioned relationdata intoan RDF format.

However, the conversioaf this datainto RDF andits efficient querying could nevertheless be an
interesting technological challenge for the LarKC project for seveasbns.

First of all, the sheer size of the data makes a conversion into RDF problematic. Storing everything in
one file, the file size would most likely exceed several hundred GB, since in a densely packed binary
database format the dataaiseadyabou 1GB.

Secondly, the representatairform in RDF is an interesting questiotihe data consists mainly of
massive time series together with some side information on where and how the data was
acquiredTherefore,it would be interesting to develop a stardi concept for managing time stamps
(named graphs? explicit statements@lditionally, due to the sequential nature of the data, it seems
like an unnecessamgndwasteful overhead to stoy@nt information for each datum separatdly.g.

from which sesorid it was acquiredd Instead, it would be reasonable to think about forms to
represent whole blocks of similar data joinfgomething close to the concept of RDF Molecules)
while still allowing simple querying access.

As mentionedelsewherg we wantto pose these questions as a challenge to the whole LarKC
consortium;in particular,WP4 could contributsomesolutions herelhis one and other challenges
that came to our minds during the last months are summarized and offered to other WPs in Chapter 5

Apart from traffic data, we also collected other lasgale datasets, which are described within
Chapterl of this deliverable. In addition, WP6 partners are evaluating the possibilityusing the

results of a recent iitat i ve ext er n a Linked®eoData'rAs e respaatvel horfie
page elipkediseobata isian effort to add a spatial dimension to the Web of Data / Semantic
Web. LinkedGeoData uses the information collected byQbenStreetMaproject and nakes it
available as an RDF knowledge base according to the Linked Data principles. It interlinks this data
with other knowledge bases in the Linking Open Data initiglive.Fr om t hat initiatd.
obtain the RDF dumps of the data or could remoaelgess the exposed services to query the data.
This could bea good staimg point to study the extension of our wakdated tathe Milano areato a

larger scale. This wilhlso challenge the LarKC platfortm work with avery largeamount data and to

cope with harderscalability issues.

Finally, we would like to note that the -salled alpha Urban LarKC demonstrator already involved
largescale data sets. In fact, in order to retrieve general information about Milano, the application
interacts with a pardf the LOD cloud (namely DBpedia), by means of the references provided by
Sindice. In the foll owing, we could also try t
approaches, for example by using Liveked Data Semantic Repository (LDS&velopée by LarKC

project partners. This could also be useful to compare the different approaches to retrieve information
from the alreadyn-place Semantic Web.

! Seehttp://linkedgeodata.orddr more detail®n this initiative
% Seehttp://www.openstreetmap.ortg learn more.
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3. Periodic report on Data

3.1. Traffic sensor data source

Data Source Traffic Sensor Data from Milano

Report ID

Section 1 Data source metadata

Name Traffic Sensor Data frorililano

Producer/Owner Agenzia Mobilith e Ambiente S¢http://www.amami.it)
Relational database with information about speed,,feowd occupation
rate from stationary sensors on roads of Milano. Some sensors also
classify vehicles into different classes.
Additional Tables containing

- ¢ information whether a certain day was a holiday and whethe
Description

was in a low traffic season,
e descrptions of the different vehicle classes,
e descriptions of the different time slots (5min intervals).

Detailed documentation of all table columns is available together wit
data.

Namespace/Web Address

Not applicable

Availability

Obtained with an agregent with the Milano Municipality

Download/Upload/Acquisition
date

July 2009

Version

1 (July 2009)

Physical size

900 MB (packed database dump), 25GB (unpacked database)

Nature of data type

Time series

Quality of the data source

Average

Section 2

fisenanticso of the data source

Typology of data

Relational Database

Geographic coverage of data

Milano area

Applied systems

PostgreSQL Database

Existence of schema/ontology

See remarks

Existing links with other
data-sources

Specific data structures allaw link sensos with Milano road map

Possible linkage to other data
SOUrces

Other geographic datasets

Scale of data

The timeseries tables contain abou¥6ws with either 5 or 7 columns

Section 3

Data source format

Format of data

PostgreSQL Datalsea Dump

Generation method

Unknown

Support query language

Total no. of

About 13°
statements

See remarks

Support triple type

See remarks

No. of explicit statements

If converted to RDF, lzout 1G°

Noise, Uncertainty and
inconsistence of data

e Not all sesors are available for all time steps. For some sen
more than 90% of possible time slots are not measured.

e Sometimes sensors are unreliable (e.g. speed measuremen
night often attain zero or maximal values). Reliability scores
given for the nao-classifying sensors.

e There are also some (possibly storage related) outliers in the
flow measurements.

Remarks

The time series data has not been converted to RDF so far since do
this in a straightforward manner would result in too large filéedata
is mostly in the form of time series. Thus, it would be an interesting
challenge to the other work packages of LarKC to develop ideas and
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methods to efficiently store and retrieve large time series in a seman
web format.

The way we will make s of this data set is described in deliverable D&&ction4 and the
respective evaluation is sketched in Sectidrl of this document.

3.2. ilMeteo.it Historical Weather Data

Data Source ilMeteo.it

Report ID
Section 1 Data source metadata
Name ilMeteo.it archive of weather data in ltaly
Producer/Owner iIMeteo s.r.l.(http://www.ilmeteo.i}
ilMeteo.it is aportal devotedo provide weather data for all Italian
Description munici_palti_es. ilMeteo.itoffers weather prediction every day, but it als
offer historical data of the weather measurements of past years.
The archive gives the recordings from 1973 to today.
Namespace/Web Address http://www.ilmeteo.it/portale/archivioneteo/
Availability Free to download
dD;ve\/nIoad/UpIoad/Acqmsmon Continuoussince the archives are updated daily
Version 1.0
Physical size N/A
Nature of data type Weather data
Quality of the data source Good
Section 2 fisemantic® of the data source
Information about temperature, rahumidity, wind and other
Typology of data information, per each day, per each Italian municipality (there are mc

than 8.000 municipalities).
Geographic corerage of data | Italy

Applied systems Weather predictions

Existence of schema/ontology Not available; howeverhe content can be represented usirgigmple
schema

Existing links with other No

data-sources
Possible linkage to other data

Geograpft data sources

sources
Scale of data Order of magnitude: foecords
Section 3 Data source format
Format of data Comma separated values file (CSV)
Generation method Unknown

Total no. of Potentially, around
Support query language See remarks statements 10° tatements
Support triple type See remarks
No. of explicit statements See remarks

Noise, Uncertainty and
inconsistence of data

Remarks

Some values with loweliability are explicitly marked.

The native data is not in RDF format. We can perfoimatah
transformatiorto obtain RDF datand then to query via SPARQL

The weather dats very useful for the traffic prediction, since their integration with the traffic data
can give useful insight on the causes of traffic congestions. See also delisehl€hapter 4 to
learn more details about the joint use of traffic and weather data.
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3.3. Glue social network interactions streaming data source

Data Source Glue social network interactions

Report ID

Section 1 Data source metadata

Name Glue social netark interactions
Producer/Owner AdaptiveBlue, Inc. fttp://getglue.con)/

Glue enables users to connect with their friends on the Web based ¢
pages the users visit online. Using semantic recognit@mtsogies to
automatically identify books, music, movies, wines, stocks, movie stg
and many other similar topics, it generates a continuous stream of th
Description identified objects which is accessible in real time using a REST API.
REST requedhttp://api.getglue.com/vl/glue/recasturns the 250 most
recent public interactions. We adopted the GRDDL approach and

implemented a simple way to translate the resulting XML into a RDF

stream.
Namespace/Web Adress http://cspargl.cefriel.it/'sdowlemo/RDFstream.html
Availability See Terms Of Serviceslatp://getglue.com/api
5);{v;1nIoad/UpIoad/Acqwstlon Continuous, measuring it in triple per second (t/s), it has a rate of 1 t
Version 1.0
Physical size Not applicable; petvyeen 3.8.2009 and 4.9.2009 we gedei_aRdDF
stream whose size, if stored, would have b&feh768.434 triples.
Nature of data type Streaming data
Quality of the data source Good
Section 2 fisemantic® of the data source
Interaction of people subscribed in Glue Social Network with Web
Typology of data resourcesk{ooks, music, movies, wines, stocks, movie stars and man

other similar topics)

Geographic coverage of data | Worldwide

Applied systems Social Network, Recommendation Systems

The content can be represented using: Semantica#ylinked Online
Communities (SIOC), Dublin Core and RDFS

No

Existence of schema/ontology

Existing links with other
data-sources
Possible linkage to other data

DBpedia,DBtunes,BesBuy and other data sources in the L@Dud

sources
Scale of data See physical size
Section 3 Data source format
Format of data Custom XML schema describadlhttp://getglue.com/api
Generation method Generatd by the Glue Firefox plugn installed by the users

Total no. of . .
Support query language See remarks statements Seephysical size
Support triple type See remark
No. of explicit statements Seephysical size

Noise, Uncertainty and
inconsistence of data

Remarks

Not assessd so far

The native data is not in an RDF format. We can perform a GRDDL
transformation to obtain RDF data.

We will integrate this dataosirce the same way we integrated other gefmngdose sources like
DBpedia and EventfuFor examplewhenever a Glue user happens to visit a Wikipedia page about
Milano, this event will be recorded in the Glue data streamcandherefore be exploitedybour

Urban Computing applications. Beside the natural relationship between Wikipedia and DBpedia
(which is a natural link between the two sources), Glue can be used also to come to know other users
of the Glue social network which are interested intmeesa t opi ¢ (Afri endso and
terminology). Finally, Glués available also as an iPhone appithis data source can help in taking a
further step towards the development of mobile Urban Computing applications.
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4. Periodic report on Performance

In order to evaluate the LarK@atformin the Urban Computing scenaniee scheduledeverakinds
of tests:

- Performancecomparison testgdhe maingoal is to collect information related to LarKC, such
as estimations of overhead (erms ofexecution iime) thatare introduced by the platforim
the Urban Computing applicatioris this test we used the following workflows:

o workflow 1a: presented in D6.3, Section 2.5.4)Jdads an RDF file containing the
graph or a subgraph of Milanthé test is desityed inSection4.1);

o workflow 2a: presented in D6.3, Section 2.5.4 rétrieves a subgraph of Milano
guerying an AllegroGraph service with a ggmatial query to find the path in this
graph est presented iSection4.2);

o workflow 2b: presented in D6.3, Section 2.5.4ugtes a hybrid approach: it loads the
graphs around the start and the goal node with AllegroGraph and connects them by
loading the graph of the main roads of Milano contained NNR®F file (test
description inSectior4.3);

0 rule-based path finding workflow: based on OntoBroker, it prazsth® path using a
rule-engine systentlis test will be presentesiection4.4).

- Stres testson Urban Computing workflowshese tests are complementary to the previous
ones, in fact we veiidd how LarKC performancés influenced by the number of concurten
requests that it received the same timeAs explained in D6.5, for the UrbdrarKC we
developedsome workflows, and as we will see in the following, these workflows have
different peculiarities; it means that they stress the LarKC platform in different ways, so we
considered every kind of workflow separately from the others and deped independent
stress tests. Summarizing, the workflows we considered are:

0 one to process the most desirable path between two nodes in a graph using the
Operational Research approach (Sedid);

0 one to find the monunmes in Milano accessing LOD and DBPedia (Sectid,

0 one to get the events located in Milano from Eventful, a Web 2.0 Web site where
users publish and manage events (Seeti@dn

0 one to procesthe most desirable path using the +oésed approach (Sectidr8).

- Urban Computingdata quality evaluationthese tests are done in order to obtain indicators
related to the Urban Computing scenario. We want to olitednman goals:the first is
obtairing qualitative indications about the state of the applicationthadsecond is tbuild
an initial dataset to make comparisons with performance data that we will collect in next tests
(and we will present in next data andfpemance deliverablesyVe consideredhe following
two workflows:

0 Monument workflow: retrieve Milano monuments collecting data from the LOD
(Section 4.9);

o Event workflow: get the Milano events from a Web 2.0 event site (Settid).

In the rext sectios we will describesach test we performed. Theneral structuref every test report
is the following:

- test goals: explain the reasons we considered to perform the test

- considered workflow: a degption of the workflow involved in the test;

- methodology: an explanation of how we conducted the test;

- environment: the hardware and the software used;

- results: the results we obtained;

- considerations: a brief analysis of the results obtained in the test

Finally, in Sectiom.11we give an outlook on the future evaluation methods for the traffic prediction.
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4.1. Operational Research path finding performance test i Workflow 1a

4.1.1. Testgoals

In this test we colleetd data about the xecution of LarKC with the path findingvorkflow 1a
(described irD6.3) monitoring the execution of the application in order to catch some relevant time
values This information allovs us to understandthe difference between the complete system
executionitme and plugn execution timemeasuringhe non-plug-in execution time, beingverhead

- theinitial query processing

- the construction of the query output

- the time required for the exchange of data between aiplagd its successor;

- the buildng of the workflow;

- etc.

4.1.2. Considered workflow

The path finding workflows were described in D6.3. In particular, the workflow used in this test is the
one represented Figurel: an identifier locates the position af RDF file stored ora remote server

and loads it, a Selector prepares the loaded RDF model in a suitable format for the {asbpthg
workflow, a Reasoner, that executes a SPARQL query and returns the results.

Local Local Local
Plug-in Manager Plug-in Manager Plug-in Manager

Plug-in AP Plug-in AF| [ Plug-in ap

|dentifier Selector Reasoner

Figure 1 - Path finding workflow 1la

When this workflow is executedn&DF graph stored in a XML file and located on a remote server is
downloaded completely. In this test we used the RDF graph of the historical centre of Milano, a
subset of the whole Milano graph.

4.1.3. Methodology

In order b executethe performance test on the workflda (and more generally on the Operational
Research path finding workflowsje usel a profiling platform Test & Performance Tools Platfotm
(TPTP), an Eclipse pluip. It is configurable with the kind of infaration thatshouldbe collected
(for exampletime, memoryclass interactionstc.) andthe name otlasses and methods that should
be monitored. This tool slows the execution of the applicationppwtnalyzing onlya subset of
methods (as we did) theldy isnot perceptible

When we started the design and development of the Alpisaon ofUrban LarKC weimplemented

a demo application using fistandardodo Semantic W
workflow was intendedto show We used tls application as term of comparisonwe will call it
Operationakesearch Term of Comparison @R-ToC, to differentiate it from maother term of
comparisonused in othettess): we monitored this applicatiowith the same TPTP todajetting
information alout its execution time and we compairédvith the alpha UrbarLarKC, mainly to
understand how muabverhead is introduced by LarKC

An important thing that we had to consider was that HeehUrbanLarKC andthe ORToC should
be executed in the same aviment. To ensure this, both applications:

3 http://www.eclipse.org/tptp/
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- were executed on the same machine (see below);

- collected the data interacting with the same data sources;

- were restarted before each new execution.
We decided to consider a set of queries (instead obohg in order to collect data allowing us to
understand how the workflow performance is related to the input glleeychosen queries are very
similar, the difference is given by the start and end nodes that vary between queries, as explained in
Tablel.

Query | Start node | End node | Note
number
1 8742 8712 The nodes are very near (there is oohe link
between them)
2 19075 8120 The nodes are moderately fapart (they are
both in the centre of Milano)
3 31122 11812 | The nodes are fapart (they are both outside th
Milano centre)
4 5940 8136 The first node doesn
not be found)

Table 1 - Pairs of nodes used in the performance tests

In everyexecution we considered the whole path findirggkflow execution, including the download
and the processing of the XML/RDF file with the Milano topology model stored remotely.
In the following we describe the schema we used to execute théntester to obtain accurate
results, we executed thestdollowing this schema:
- for each query:
0 we send three times the quenthe UrbarLarKC collecting the relative time values;
0 we send the query to ORoC three times (collecting the times);
o we calculated the meaof the collected time valuesbtainingseveral averagetime
values (the overall average time, the average time required by the identifier, etc.) for
boththe UrbanLarKC andthe OR-ToC.

4.1.4. Environment

Hardware

Processor: Intel Xeon 3.60/3.60 GHz (two dual core CPUS)

RAM: 4 GB

Operating system: Miosoft Windows Server 2003 Standard Edition 32 bit (Service Pack 2)
Software

LarKC:

Revision: 744 August 25, 2092:35 PV

JVM Heap Memory512 MB

4.1.5. Testresults

We submitted to this workflow three queries: Query 1, Query 2 and Query Z4gbkel): Query 4
contains a node that doesnot exi st, so itds no
contains two nodes that are not contained in the graph of the historical centre of Milano, so the
behaviour in this case is thensa of Query 4, and we choose not to use this query.
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Q4-ToC
W Start
Q4 - LarKC
H [dentifier
Q2 -ToC
Q2 - LarKC m Overhead 1
Ql-ToC m Selector
Ql- LarKC Overhead 2
|
Reasoner
0 1 2 3 4 5 6
End

Time {seconds)

Figure2 shows the results of experiments on workflow 1a: we identified the following intervals:

In Table2i t 6 s

Figure 271 Graph of execution timesin workflow 1a

- Stat: the time between the reception of the query and the start of the Identifier task;

- Identifier: the time required to execute the task of this pluy

identify

method)

(itos

- Overhead 1: the time between the end of the Identifier andatieotthe Selector;

- Selector: the time used by the Selector plugo complete its task (the execution time of
method);
- Overhead 2: the time between the end of the Selector and the start of the Reasoner;
- Reasoner: the time required to complefearglSelect

select

method: the conversion of the

t he

t

RDF graph into a JGraphT graph, the execution of Dijkstra algorithm and the construction of
the VariableBinding that should be returned;

- End: the time used by the application to compose the result, to send ibkthekrequester

and to terminate the workflow execution.

Query 1 Query 2 Query 4

Q1-LarKC Q1-ToC | Q2-LarkKCl Q2-ToC | Q4-LarKC| Q4¢ToC

seconds | seconds | seconds | seconds | seconds | seconds
Start 0.8668196| 0.0608633| 0.8649681| 0.0630733| 0.8713301| 0.0971243
Identifier 3.0469137| 4.1302727| 3.0500078| 4.318763| 3.0614435| 4.415803
Overhead 1| 0.0043728| 0.0006423| 0.0042398| 0.0005607| 0.0041373| 0.0005243
Selector 0.0149915 0| 0.0151222 0 | 0.0151621 0
Overhead 2 | 0.0041965 0 | 0.0042995 0 | 0.0040259 0
Reasoner | 0.4196175| 1.0490287| 0.3529319| 0.9431153| 0.4169753| 1.051417
End 0.3435999| 0.4288253| 0.3434285| 0.6778293| 0.3723335| 0.750199
Overhead | 1.2189887| 0.490331| 1.2169359| 0.7414633| 1.2518269| 0.8478477
Total 4.7005113| 5.6696323| 4.6349977| 6.0033417| 4.7454077| 6.3150677

collected in our test.

4.1.6. Considerations

Table 2 - Execution times inworkflow 1a

Surprisingly, in this case d&tKC is faster than the GRo C:

ti

mi ngs

ar e

not

Vi

si bl e,

beca

2 that contains all the means of the times we collected.

In the ORTOC the Selector part is missing, so the Selector and Overhead 2 times are set to 0. In the
row Overhead is reported the sum of the overheads: Start, Overhead 1, Overhead 2 aid End.
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represented this value graphicallyrigure3: itbés possible to observe th
LarKC is greater than the one of GRC, but the difference is very little (less than one second).

14

1.2

1

0.8

W LarKC
0.6

mToC

Time (seconds)

0.4

0.2

0 -
Start End Overhead

Figure 3 - Overheads of LarKC and OR-ToC in workflow la
Lastly, from the collected values we can observe that the time required to find a response to the input
guery doesndt vary significantly with the diffe

4.2. Operational Research path finding performance test i Workflow2a

4.2.1. Testgoals
The objectives of this test are the same of the one presented above; seedSetfrmmmore details.
4.2.2. Considered workflow

Figure 4 shows the workflow 2adescribed in D6.3: a Transformer processes the input query
extracting geographical information from it, an Identifier uses this information in ordatei@act

with an AllegroGraph service to get a graph containing both the start and the goal nod#se then
Selector and the Reasoner process the collected data in order to find a path.

SPAROL SPAROL
Qusery Rexsalt
Decider
Local Local Local Local
Flug-in Manager Flug-in Manager Flug-in Manager Flug-in Manager
[ Plugin ap Flug-in AP1 | Plug-in 47| [ Plugin ar
Transformer Identifier Selector Reasoner

Figure 4 - Path finding workflow 2a

4.2.3. Methodology

The methodology is the same of the one described in the previous test. The description isipnesente
Section4.1.3
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4.2.4. Environment

Hardware

Processor: Intel Xeon 3.60/3.60 GHz (two dual core CPUS)

RAM: 4 GB

Operating system: Microsoft Windows Server 2003 Standard Edition 32 bit (Service Pack 2)
Software

LarKC:

Revision: 744August 25, 209 2:35 PMJVM Heap Memory512 MB

4.2.5. Testresults

We tried all the four queries described above but we noticed that Query 4 (the one with a node that
doesndt exist) causes ainn etxilceaetp tiitodhs i ntbigtisiwbya N adgeend

we didndét consider Query 4 in this test.
Q3-ToC M Start
Q3 - LarKC B Transformer
Q2-ToC m Overhead 1
Q2 - LarkC M Identifier
Ql-ToC B Overhead 2
Ql-Larkc m Selector
0 10 20 30 40 50 60 Overhead 3
Time {seconds) Reasoner

Figure 5 - Graph of execution times inworkflow 2a

Figure 5 shows the results we obtained in our test on workflow 2a. The intervals we identified
collecting data are similar to the ones we described in Settdds the main differences are given by
the introduction of Transformer pltg, that introduces two new intervals:

- Transformer: the time required to process thetinpuguer y (i t 6 sansfohme t i me

method)

- Overhead 1: the time between the end of the Transformer and the start of the Identifier.
In Table3 the average time values are showrthing that we have to report is that the qgassing of
Query 3 completes regularly but no valid paths
of the application and we will try to investigate and to fix this problem.

Query 1 Query 2
Q1-LarKC| Q1-ToC | Q2-LarKC| Q2-ToC
seconds | seconds | seconds | seconds
Start 0.878646| 0.0641598| 0.8747324| 0.0635357| 0.8759973| 0.0619414
Transformer| 0.133121| 0.6599378| 0.1343683| 0.6716549| 0.1363907| 0.6578656
Overhead 1| 0.0041158| 0.0040085| 0.0041414| 0.0039@5 | 0.0040871| 0.0039239
Identifier 4.9741037| 2.3704303| 40.860423| 18.35078| 48.57999| 36.871591
Overhead 2 | 0.0039231| 0.0007141| 0.0037014| 0.000693| 0.0036844| 0.0008137

Selector 0.0101131 0 | 0.0099005 0| 0.0102752 0
Overhead 3| 0.0038948 0| 0.0039481 0| 0.0038491 0
Reasoner | 0.1640335| 0.9112142| 0.3803811| 1.0431571| 0.3087569| 0.9674903
End 0.3384583| 0.9934464| 0.3638801| 1.0317477| 0.32905| 0.6849145
Overhead | 1.2290379| 1.0623287| 1.2504034| 1.0998809| 1.2166678| 0.7515936
Total 6.5104093| 5.003911| 42.635477| 21.165473| 50.23208 | 39.248541

Table 3 - Execution times inworkflow 2a (with Query 3 no valid paths are obtained)
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4.2.6. Considerations

In this case the situation is opposite to the previous one. In fact LarKC is slower thRroQ@R, as i t 6
also possibléo see inTable 3: the difference between GRoC and LarKC varies a lot (in Query 2

the difference is more than 20 seconds).

In a similar way toresults we obtained imorkflow la (Section4.1.5, in this case the part that

requires more time is the Identifier. In addition, the time required to process the query varies when the
guery changes: the further the two points are apart, the more the time the Identifier requires to
complete its task. The causethe AllegroGraph service, which finds an answer quickly only when

two nodes are close together.

14

1.2

1

0.8

W LarKC
0.6

Time {seconds)

mToC
0.4

0.2

0 -
Start End Overhead

Figure 6 - Overheads of LarKC and OR-ToC in workflow 2a

Figure 6 shows the overhead of LarKC and BR®-ToC; the results we obtained are similarthe
workflow laresults LarKC is a bit slower tha®R-ToC (they are very close).

4.3. Operational Research path finding performance test i Workflow 2b

4.3.1. Testgoals

The goals of this test are the same of the two testpresented below. See Sectibh.1to get more
information.

4.3.2. Considered workflow

Workflow 2b (Figure 7) is similar to workflow 2ain fact there is a Transformer phig as first
component of the arkflow, that analyzes the input query and extract geographical information from

it (itdés required by the following I dentifier).
the identification policyis an intermediate case between thet fireo workflows we analyzed: it

collects data interacting with both an AllegroGraph service (it selects graphs around start and goal
nodes) and a remote server containing an RDF file (the main roads).

SPARCL SPARCL
Cusery Result
Decider
Local Local Local Local
Plug-in Manager Plug-in Manager Plug-in Manager Plug-in Manager
: Plug-n APl | | Flug-in AF1 Flug-in AF| Flug-n APl |
Transformer Identifier salector Reasoner

Figure 7 - Path finding workflow 2b
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4.3.3. Methodology
A description of the methodology we followed in this test is available in Settlod
4.3.4. Environment

Hardware

Processor: Intel Xeon 3.60/3.60 GHz (two dual core CPUSs)

RAM: 4 GB

Operating system: Microsoft Mdows Server 2003 Standard Edition 32 bit (Service Pack 2)
Software

LarKC:

Revision: 744 August 25, 2092:35 PV

JVM Heap Memory512 MB

4.3.5. Testresults
Similar to workflow 2a, Query 4 raises an exception that is not caught and managed properly by the

Idertifier plug-in (the code is the same astheplupg used in workflow 2a), so
Q3-ToC M Start
Q3 - LarkC B Transformer
Q2-ToC m Overhead 1
Q2 - LarkC B [dentifier
Qi -ToC ® Overhead 2
Ql-Larke m Selector
0] 2 4 6 8 10 12 14 16 M Overhead 3
Time (seconds) W Reasoner

Figure 8 shows the average execution times we collected: the chart seems to confirm that it is the
intermediate case: the resuttsLarKC andOR-ToC are very similar and neither is consistently better
than the other.

Q3-ToC M Start

Q3 - LarkC B Transformer
Q2-ToC W Overhead 1

Q2-LarkKC | Identifier
Q1-ToC m Overhead 2

Ql-Larke m Selector
0] 2 4 6 8 10 12 14 16 M Overhead 3

Time (seconds) W Reasoner

Figure 8 - Graph of execution times inworkflow 2b
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InTabledi t 6s possi bl e to f i nhewdrkiica requardstoeanpletdita ask.e v e
The processing of Query 2 didnot return a val

start and goal nodes are too small and they di
Query 1 Query 3
Ql-LarkC | Q1-ToC Q3-LarKC| Q3-ToC
seconds | seconds seconds | seconds
Start 0.8791333| 0.0633325| 0.8791581| 0.0623544| 0.8839545| 0.0633027

Transformer| 0.136858| 0.6510789| 0.1384766| 0.6560691| 0.1364619| 0.6517515
Overhead 1| 0.0040717| 0.0039995| 0.0039567| 0.0039651| 0.0041346| 0.0038972
Identifier 11.376961| 12.396858| 12.194041| 11.980688| 13.01038| 11.020246
Overhead 2| 0.0186046| 0.2425914| 0.0185196| 0.3001017| 0.0168702| 0.2981816

Selector 0.0003298 0| 0.0003318 0| 0.0003305 0
Overhead 3| 0.0140246 0| 0.0139317 0| 0.0121145 0
Reasoner | 0.4575351| 0.6282559| 0.4788448| 0.6305161| 0.4848937| 0.6737885
End 0.3429683| 0.6176933| 0.3455543| 0.3805608| 0.4058699| 0.5835856
Overhead | 1.2588026| 0.9276167| 1.2611204| 0.746982| 1.3229436| 0.9489671
Total 13.2304F | 14.603809| 14.072815| 14.014255| 14.955009| 13.294753

Table 4 - Execution times inworkflow 2b (with Query 2 no valid paths are obtained)

4.3.6. Considerations

From the results we obtained we can observe that most of the time requiredripywevkflow
execution is used by the Identifier (more than 66% of the overall time). This is a behaviour similar to
the one obtained in previous tests.

Additionally, the overhead introduced by LarKC before and after the workflow execution is not
significant compared with the one obtained by-OR C, as it 6 s Figue9@hevalues t o
are very similar with the ones described below).
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Figure 9 - Overheadsof LarKC and OR-ToC in workflow 2b

4.4. Rule-based path finding performance test

4.4.1. Testgoals

In order to evaluat&JrbanLarKC with anexisting commercial producive selectedDntobroker from
Ontoprise, because it has shogood performance witthe U-City project whichhas beeronducted

by Saltluxin the pastThe U-city projectis similar to the Urban Computing use case of LarK@at

it tries to find the most desirable path with traffic informatiordervariousroad conditions U-city
wasimplemented using Ontobroker to reason wittogic rules andF-logic queries to find paths

In LarKC, we developed a@ntobroker wrappemvith the help of STI Innsbruckio use Ontobroker

as a Rasoner jng-in for the LarKC platform, thus taking advantage of an existing commercial
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product- Ontobroker convestan input RDF graph into-[Eogic facts and rules. This LarKC plugin
uses the Bellmaford algorithm to find the shortest path.

The goal of this test is to compare the performance of a LarKC workflow that makes use of the
aforementioned plun with an aplication that makes direct use of OntoBroker (from now on
indicated as Rulbased Term of Comparison or RBC). This comparison can help us understand
the impact and overhead of the LarKC platform when using it in an Urban Computing application as
well as the feasibility of integrating a commercial reasoner within LarKC.

4.4.1. Considered workflow

The workflow used in this test is graphically representeBigure 10 together with the rukwases
Term of Comparison. The workflow consistsan Identifier plugin, which takes the Milano roads
RDF, followed by a Selector pltig, which passes on the selected data, and finally a Reasoner plug
in (OBLarKCShortestPathReasohavhere the actual computation for the shortest path takes place.
This Reasoner pluimm wraps an OntoBroker instance, in which the RDF input data is translated to F
logic and loaded in the knowledge base; the rules to apply the BedHordnalgorithm were
previously coded and added to the OntoBroker instance.

Figure 107 Workflow used to test the rulebased pathfinding approach.

The Term of Comparison application, on the other hand, is a custom application that directly accesses
the OntoBroker instance with the sameadatd the same rules.

4.4.2. Methodology

In a similar way to the comparison tests described in Secfidn$.2-4.3 and 4.4, we focused our
attenton on two kinds of t e s t anparisonest py dateisciease, b evdh i h er
the second described in Sectio#.81 i s omparisortest by user increage.

Thegoal ofthe currentest is to verifjhow LarKC performanceneasuremestare influenced by the
number oflinks and nodes required to find the path and comparing them RBfi@C ones

We made some tests with increasing the numbers of links and nodes composing the most desirable
path.As nodes fopoints ofnetwork ae increased, OntoBroker needs more steps to generate relevant
gueries. We used 10 kinds of queries whiclriedin minimum link count from 1 to 10 for the
shortest pathThe OntoBroker reasonggenerate®OutOfMemory erros when thenumber of nodes

required are over ldlue to the data siz©nly limited amount of data loading is possible wiitie

memory loading option for OntoBrokerhis limitation ould be overcomein the futureby using
persistenstorageoption with loss of speedVe are going to & thisoptionin the next deliverable.
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